


Message from the Director January 2016

| am pleased to present the Building Technologigs £/AE A A-Be@r Pro@dmO E

Plan for Fiscal Years 2016 through 2020. The Building Technologies Office (BTO)

leads a network of national laboratory, university, small business, and industry

partners to develop and deploy innovative, coseffective energy saing solutions

for U.S. buildings.
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total energy demand and greenhouse gas essions, resulting in anannual

national energy bill totaling more than $430 billion. Thismulti-yearD1 AT OA OO A&}, @i®BEnd" 4/ 6 O
long-term goals for developing new building technologies, stimulating their market deploymenand

locking in long-term savings through minimum efficiency standards for new construction and new
appliancesandA NOE DI AT O 8-termbjedtiQe isitol rddi@e the energy use intensity of homes and
commercial buildings by 50% or more through the application of cosgffective efficiency technologies that

yield substantial net economic benefits and result in signifiant reductions in greenhouse gas emissions.

This plan describes how BTO intends to contribute to the achievement of these lebtgrm objectives over

the next5 years and the ways in which it intends to assess its progress.

The plan provides a broad overviav of the energy use in the buildings sector, the opportunities for -

effective energy savingsthe barriers to their achievementAT A " 4/ 8O0 OOOAOACEAO AT A ¢
significant reductions in building energy use intensity. The body ofthe pladA A OAOEAAO AAAE 1 £
programs, providing a roadmap for their work over the next 5 years. Each program sectioeviews the

OA1 AGAT O 1 AOEAO AEAOAAOAOEOOEAOh ETAI OAET ¢C EAU [ AOE
the remaining opportunities for energy savingsNextisA AAOAOEDPOEIT T 1T &£# AAAE 1T £ OE
strategies used to achieve those goals, and a summary of specific program activities and key targets. BTO is
committed to annually tracking and reporting its progress towardthe achievement of the goals described

in the plan and to periodically updating the plan itself.

A draft Multi-Year Program Plan was first released in early Octob@015 for public review and comment.
We receivedmore than 25 substantive comments, most ofvhich expressed broad support for the goals and
plans set forth in the draft plan Commentsalso offered specific recommendations for enhancing the
effectiveness of these efforts, such as increasing attention to muftimily buildings and miscellaneous
energy loads, and improving the linkages to the national goals of reducing greenhouse gas emissions and
electricity grid modernization. The updated plan presented here reflects our consideration of these
comments, as well as diter recent program developments including increased support for the

development of alternative refrigerants and transactive control technologies that would enable increased
integration of buildings andequipment with the power grid.

Thank you for taking the timeto read our multi-yearplanto AAOOA O O1 AAOOOGAT A 1,00 1 EE
and strategies.

Roland Risser
Director of the Building Technologies Office
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Executive Summary

The U.SDepartment of Energy (DOE) Building Technologies Office (BTO) is leading a network of
national laboratory, university, small businessand industry partners to develop innovative, cost
effective energy saving solutions for U.S. buildingahich are the single largest energyconsuming
sectorin the nation. In 2014, residential and commercial buildingsusedmore than 40% of the
NAOET T80 O OAT AT $oxrgnv elebtiicAl ererbyQrdsultd ida estimated annual
national energy bill totaling more than$430 billion.t Widespread adoption of existing energy
efficient building technologies? and the introduction and use ofhew technologie® could
eventually reduce energy use in homes and commercial buildings by %0 This wouldsawe more
than $200 billion annually and redu@ U.S. energyrelated greenhouse gagGHG)emissions by
about 20% compared to 2010 levels

The United Stateshas made significant progress in improving energy efficiency over the last 30

40 years, due in part to the successful efforts of BTO. These efforts have led to gaimenging
achievements, such as transformative new technologiés solid-state lighting, energysaving
windows, heat pump water heatersand high-efficiency furnaces andair conditioners. Other
noteworthy achievements includeimplementation of energy conservation standards fomore than
60 categories of appliances and equipmenas well asbuilding energy codedeading tomore

efficient homes and commercial buildingsEfficiency gains fromthese codes and standards will

result in nearly $1 trillion in cumulative utility bill savings for U.S. consumers by 2020.

BTOisi TA 1T £ AECEO OAAET T ITcCcU | £Z£EAAO xEOEET $/ %80 /
Energy (EERE), whik isleading DOE efforts to helpuild a strong cleanenergy economy while also
reducing our reliance on foreign oil, saving families and businesses money, and reducing pollution.
"4/ 80O xHKeyphrt oEtieOBamal AT ET E OO O-Af¢he-A A B O Ar§yssthategy and the
pO A O E ACAnate ddfion Plancontributing to two of four national energy goals3# (See text box
titted BTO Contributes to National Goalen pagel4).

BTO focuses on accelating the pace of innovation intechnologies for both existing buildings and
new construction. BTO also supports public and privateector efforts to make available cost
effective products and solutions that willgreatly reduce energy use, improve building comfort, and
enhance the senges providead to building occupants With targeted investments and effective
public and private partnershipsin both the new and existing buildings marketsBTO will continue
to drive innovations to market and raise the bar for energy efficiency.

1U.S. Energy Information AdministratioAnnual Energy Outlook 2@lwith projections to 2040DOE/EIA-
0383(205). Washington, DC: U.S. Department of Energy, April 20Accessedanuary 112016:
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf

2 Office of Energy Efficiency & Renewable Energyppliance and Equipment Standards: History and Impacts
Washington, DC: U.S. DepartmenitEnergy. Accessed August 19, 2015.

3 Obama AdministratioRecord oran All-of-the-Above Energy StrategyVashington, DC: The White House,

March 2012. Accessed May 8, 2014:

http://www.whitehouse.gov/sites/default/files/docs/clean_energy_ record. 0.pdf

4 http://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan. pdf
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" 4 [ \@si®@n is a strong and prosperous America in which all homes and buildings operate at peak
energy performance, are affordable, and provide optimal healtbonditions and comfort.

" 4 | Big3ion is to develop, demonstrate, and accelerate the adoption téchnologies, techniques,
tools, and services that are affordableas well asto enable highperforming, energy-efficient
residential and commercial buildings in both the new and existing buildings markets.

This mission requires a multipronged strategy toaddressdiverse market, technology,and
regulatory challenges! 4 / dir&degy, or ecosystem, shown in Figur#, includes:

T

Research and development to reduce cost and improve performance dfigh-impact
energy saving technologies

Market stimulation activiti es to validate energyefficient technologies and practices in
new and existingbuildings; reduce risk for builders, building owners and operatorsand
consumers to incorporate new energyefficient solutions; and spur privatesector
investmentsin energy eficiency

Codes andstandards to remove market barriers, lock in lasting energy saving$or all
Americans and drive further technology innovation.

Figure 1. BTO Ecosystem

BTG O A Al functian®tArbugh five interdependentprograms:

1.

Emerging Technologies (ET) supports research, development, and commercialization of
high-impact building technologieswith substantial potential for reducing primary energy
consumption and greenhouse gas emissions

Residential Buildings Integrati on (RBI) accelerates energy performance improvements
in existing and new homes by integrating technologies and practices to optimize
performance in buildings; providing data, designand decision support tools; and
partnering with public and private stakeholders to increase adoption of energyefficiency
services, technologies, and practices
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3. Commercial Buildings Integration (CBI) acceleratesenergy performance improvements
in existing and new commercial buildings by @monstrating AT O O Z A, AgeAmp&E O A
technologiesto improve building energy performance and operationspartnering with
market leaders to increase the adoption afhesetechnologies; and providing design and
managementtools and performance data to reduce perceived risks and address market
barriers that have inhibited wide-scaleadoption.

4. Building Energy Codes (BEC) acceleratesdevelopment and adoption ofminimum energy
efficiency requirements in commercial and residential buildingsby providing technical
analyses to support regulamupgrades of modelbuilding energy codes and by providing
technical assistanceand reports on the value of more advanced building energy codé&s
support statesand municipalities as theyadopt andimplement them.

5. Appliance and Equipment Standards develops andregularly updatesenergy
conservationstandards for appliances and equipmeniensures the availability of reliable
and effective test proceduresand enforeesstandardsand labelingthrough product testing
and compliance efforts

BTO engages with hundredsfdnternal and external partners? including national laboratories,

industry, small businessesuniversities, building owners and operators, otherDOE offices and

federal agencies, state and local governments, nonprofits, internationalganizations, and otter
entities? in planning and executing its diverse portfolio and breaking down market barriers to
achievenational energygoals
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60

I O Alang-@nfgé@al iSto reduce the energy

use per square foot of U.S buildings by 50 % compared to
2010 levels . Based on current analysis of the building sector
and BTO program planning, BTO has established agoal of
reducing building energy use intensity ( EUI) 30% by 2030.5
To support the achievement of this 203@oal, each BTO
program has identified marketfocused interim goals:

1 Emerging Technologies Program: By 2020, accelerated | q  Double energy productivity
technology development will make available newgost- relative to 201y 2030 (100%
effective technologies capable of reducinthe energy use increase)
of typical buildings by 30% comparedto high-efficiency U.S. energy productivitymeasured
technologiesavailable in 20106 as dollarsof gross domestic product

1 Residential Buildings Integration Program: By 2025, (GDP) per unit of energyhas more

improvements in the efficiency ofspace conditioning and
water heating in typical singlefamily homes will reduce
these energy uses by 4% from 2010 levels.

BTO Contributes to National Goals

BT A ¢ 2 NJ #wa natdhkh

energy goals:

I Reduce energgelated GHG
emissions (carbon pollution) 17
by 2020 and 83% by 2050 from
2005 levels

than douled over the last 40 years
in large part due to improved energ
efficiency New energefficient

technologies installed in homes an
buildings will allow the nation to
continue this progress and producs
more with less.

1 Commercial Buildings Integration Program: By 2025,
actions bymarket leaders, representing 20% or more of
the sector,will cut the energy use of their buildings by at
least 35% relative to typical commercial buildings in
2010.

1 Building Energy Codes Program: By 2025,
improvements in the typical design and constructionof
new buildings will be sufficient to reduce their energy
use by 4®6 compared to typical new buildings in2010.

1 Appliance and Equipment Standards Program: By 2025,increases in the efficiency of
new products will cut the energy use per square foot of the bldings sector by at least 206
from 2010 levels.

Source: HfAAccel eivitat
2030. 0 US Depart me
http://energy.gov/epsa/acceleraieergy

productivity-2030

BTOis committed to tracking its progress toward achieving each of these goasdwill report
annually the results of these assessments.

This Multi-Year Program Plar{MYPP)describes the activities that BTO will pursue over the nexd
years to enable these market outcomes and provide compelling, affordable energfficiency
options for our nation's homes and buildings.

5 Building floor area and energy uissassessed using information on the residential and commercial sectors as
defined by the U.S. Emgy Information Alministration. More information on the residential sector is at
http://www.eia.gov/consumption/residential/reports/2009/methodedognarefootage.cfmand on the commercial
sector herettp://www.eia.gov/consumption/commercial/data/2012/conducted.cfm

2010 technologiesd are def i neull, onalifetydecbhsis,adsoeffecteety avai | a
save energy in a typical residential or commercial building.
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The U.S. Buildings Landscape

The strategies and activithR O A A O A O E AMXPPar& desighet] todvark in the large and
complex landscape ohew and existingresidential and commercial buildings in theUnited States?”
Residential Buildings . There areabout 114 million households in theUnited States and he

average house sizés 1,686 square feeté Figure 2 illustrates distinguishing characteristics between
the existing homesand new construction markets.

Existing Homes New Construction
RESIDENTIAL MARKETS
Whatis the size * 114 million households * ~1 million housing units were builtin 2014
of the market? * 80 million single-family * 14% of all occupied housing units in 2009 were
¢ 28 million multi-family units built in the 2000s

* 6 million mobile homes
* >223 billion sq. ft.

How much * 21 quads of total energy or about 21% of all energy =~ * >20% less energy for space heating on average
energy is used? used in the U.S. than older homes
* 176 million Btu per average home * ~18% more energy on average than older homes

for appliances, electronics and lighting.

How much s ~$2,000 per year on average to power the average Today’s households are paying ~$216 less per year
spenton energy?  homein 2009, representing approximately 3% of than if energy efficient equipment and appliance

household income. standards had not been implemented.
Who are the General and Trade Contractors, Builders, Architects, Designers
primary
stakeholders? Real Estate, Manufacturers, Financial Institutions, Utilities, State and Local Governments
How does BTO * Demonstrate energy efficient technologies and *  Demonstrate highly energy efficienthomes that
help improve the practices across a variety of climate zones are ready for renewable energy systems
energy efficiency ~*  Prove successful business models for energy *  Prove and documentnew construction solutions
in these markets? service providers and increase investments in on a national scale

energy efficiency * Increase partnerships to scale more energy
* Increase homeowner and tenant understanding efficienthomes

of the value of improving efficiency of all energy
uses.

Figure 2. Existing and new residential building s market ¢ haract eristics

" Most of the statistice this document that describe the buildings market are based on the U.S. Energy Information
Ad mi ni s Amuaal BEneygyOditbok2015.B TO6s goal s anal ysi sAnnualEfegysed on a
Outlook 2014.

8U.S. Energy Information AdministratioAnnual Energy Outlook 2@lwith projections to 2040DOE/EIA-
0383(205). Washington, DC: U.S. Department of Energy, ARANS. Accessedanuary 122076:
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
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As shown above, esidential buildings use an estimate®1 quads of total energy® Natural gas
provides more than 5 quads and electricity more than 14 quads of source energy in the residential
sector10 Electricity, including the energy lost to generateand deliver it, represents more than 6%6
of residential energy consumption Figure 3 shows how energy isused in residential buildings.

Residential Buildings

Furnace Fans
and Boiler Other Uses
Circulation 20%
Pumps
2%

Dishwashers
1%

Washers Cooking
and Dryers 3% Refrigeration
4% 5%

Figure 3. Residential building total energy consumption by end use, 201 4

Source’Annual Energy Outlook 2Glwith Projections to 2040,).S. Energy Information Administration, April
2015.

For decades, spackeating and cooling (space conditioning) accounted for more than half of all
residential energy consumption However,estimates from theU.S. Energy Information

accounts for only 38% of that energy consumption as shownin Figure 3. Factors underpinning

this trend are increases in energy efficiency (more efficient equipment, better insulation, more
efficient windows, etc.), population shifts to warmer climates, and in@ased energy use by other
types of appliances and equipment. The shift in how energy is consumed in homes has occurred as
per-household energyusehas gradually declinedsince 198011

9 U.S. Energy Information AdministratioAnnual Energy Outlook 2@Iwith projections to 2040DOE/EIA-
0383(205B). Washington, DC: U.S. Department of Energy, April 20Accessedanuary 122076:
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf

10 Electric source energy consumptionlires both the value of the kilowdtours consumed (retail sales) and the
energy lost in generation from the EIA 2014 Monthly Energy Review 2014.

11 U.S. Energy Information AdministratipnHeating and cooling no longer majority of U.S. home energy use
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While energy used for space conditioning has declinedemand byappliances, electronics and
other miscellaneous energy usesontinues toincrease Although more than 9946 of the energy
used in residences is subject to federalonservation standards and substantial efficiency gains
have already been made, the increasy number of devices thatuse energy in homeshas offset
these efficiency gainsFor example, h 2009, nonweather-related energy use for appliances,
electronics, water heating, and lighting accounted for 5.3 quads of site energyup from 4.2 quads
in 1993.13

Commercial Buildings . There areabout 5.6 million commercial buildings in theUnited States,
comprising 87 billion square feet of floor spaceFrom 2003 to 2012, there was a 1% increase in
the number of buildings(4.9 million in 2003) and a 2246 increase n floor space {2 billion square
feet in 2003).14 Figure 4 illustrates many of the characteristics of the existing and new commercial
buildings markets.

Existing Buildings New Construction*
COMMERCIAL MARKETS
Whatis the size of * 5.6 million commercial buildings comprised of 14 * ~1 million new buildings were constructed
the market? principle building types, including education, between 2000 to 2012 comprising nearly 20
health, office, public safety, warehouse, religious billion sq. ft,, and many more underwent major
and others thatare owned or leased by private renovation.

companies, governments and institutions.
* 87 billion sq. ft. in total

How muchenergyis = * 18 quads of total energy or about 18% of all energy * Average size of a new building constructed in
used? used in the U.S. 2000s is ~ 17% bigger than new buildings

S5 7 ihoussndbinpersq b constructed between 1960-1999

* Building stock is being retrofitted ata rate of

~2.2% per year
How muchis spent  Total costof energy used in U.S. commercial buildings
on energy? is over $180 billion
Who are the Building Owners, Tenants and Operators, Contractors  Building Designers, Architects, Builders
rima . i : 5 G e
p Y Private Companies, Manufacturers, Real Estate, Financial Institutions, Utilities, State and Local Governments
stakeholders?
How does BTO help ~ * Demonstrate energy efficientsolutionsina * Demonstrate energy efficientand integrated
improve the energy variety of buildings types and climate zones design solutions
efficiency in these * Increase partnerships with marketleaders to * Incorporate building energy performance
markets? scale adoption of energy efficiency solutions information in real estate transactions
* Develop data-driven decision support tools to * Improvedesign and decision data and modeling
measure and verify building energy performance tools to verify building performance
as aresult of upgrades *  Prepare the clean energy buildings workforce

*To be updated upon release of the 2012 Commercial Buildings Energy Consumption Survey, Consumption & Expenditures statistics

Figure 4. Existing and new commercial building markets ¢ haracteristics

12U.S. Energy Information Administration, Residential Energy Consumption Survey 2009, Tablé CE 3

13U.S. Energy Information Administration, Residential Energy Consumption Survey 1993, Table 5.11

¥ {AU.S.EnergylnformationAd mi ni st r €BECSPneliminargRle2s u WaskingtonDC: U.S.
Departmenbf Energy.Accessedseptembel3, 2014:
http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm?src=Conswinption
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The commercial building sector is diverse and has disparate sets of energy needs including varying
types of lighting systems; largescale appliances; many types dfeating, ventilation, and air
conditioning (HVAC)systems and more. The 2012 Commercial Buildings Energy Consumption
Survey(CBECPshows 14 principal building types Figure 5). These include small buildingssuch as
freestanding banks or fast food restaurantsand buildings as large and complex as an office building
with hundreds of tenants or a major airport terminal.

Ofiice I
Warehouse and storage [
Service
Mercantile
Religious worship
Education
Food service
Public assembly
Vacant
Food sales
Lodging
Health care
Other WS
Public order and safety [ C]E

15 20

N 54.4%
B 51.6%

m buildings
= floorspace

"f"ﬂr!"

o
o
—
o

percent

Figure 5. Commercial buildin g types

SourceU.S. EnergylnformationAdministration.fi 2 0 @BECSPreliminaryR e s u WaskingtonD.C.: U.S.
Departmenbf Energy.AccessedseptembeR3,
2014 http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm

Commercial buildings use an estimatedl8 quads of energy, about 1% of all energy used in the
United States Electricity provides almost 14 quads ofsource energy, and natural gas provides
more than 3 quads; together these account for about 8% of all energy used in commercial
buildings. Commaecial building energy costs weremore than $180 billion in 2014.15

Figure 6 shows how energy is used itthe commercia sector, although energy uses within different
types of commercial and institutional buildingswidely vary. For example, water heating is a major
end use in hospitals and hotels, but not in offices or retail stores. Hospitals have-Bdur

operations, while shopping malls and theaters have concentrated energy use periods. Recognizing
the variation in building use and type helps identify specific opportunities to reduce energy
demand.As in the residences, energy demand for heating, cooling and lighting coraraial

buildings has been gradually decliningwhile demand by other categories of energy uses, especially
those not covered by product efficiency standards, has been gradually increasing.

15U.S. Energy Information AdministratioAnnualEnergy Outlook 208 with projections to 2040DOE/EIA-
0383(205). Washington, DC: U.S. Department of Energy, April 20Accessedanuary 112036:
http://www.eia.gov/forecasts/aeo/pdfBE2015).pdf
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Commercial Buildings

Water
Heating
4%

Office Equipment Cooking

—

(non-PC) 1%
4%
Office Equipment
(PC) Refrigeration
2% 6%

Figure 6. Commercial building total energy consumption by end use, 201 4

Source’Annual Energy Outlook 2Glwith Projections to 2040,).S. Energy Information Administration, April
2015.
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1.0 Introduction
1.1  The Opportunity

Improving the energy efficiency of Ls. homes and buildings presents an enormous opportunity for
OEA 1 Aafilick &nd lilisinesses to lower their energy costs and reduce greenhouse gas (GHG)
emissions.A considerable amount of energy used in buildings is wséed due to inefficiencies in
design, materials, equipmentand building operation. We can reducesnergy usein existing and new
buildings through focused efforts to use energefficient

technologies and practices that are already cosfffective BTOContributes to National

today. We can realize even greater savings by bringing Benefits

new, affordable, cutting-edge technologies and solutions Improving building energy efficienc
into the marketplace, by increasingfocuson new offers a wide range of national
opportunities in areas such as energy uses not now benefits for all Americans:

covered by product labels and standardsand by improving | protection of the Environment
the interactive management of energy usingechnologies, el e e e A

building systems and the power gridSuch improvements energyrelated environmental
in energy efficiencywill also contribute to a healthier damage

economy and improved productivity by reducing the cost A Conserve valuable natural
of doing business, increasg U.S economic resources

competitiveness, and creating new jobs. Strengthened Economy

The potential benefits from increased energy efficiency in ACut_energ)biIIs for homes and
our homes and buildings are significant. In 204, businesses -
residential and commercial buildingsusedmore than 40% Alncrease enfargproductlwty
ofthenAOET 1 60 O1 @érkthah Yok efrene A1 | Energy Security

electrical energy, resulting in a national energy bill of $80 | Alncrease flexibility and reliability
billion. 16 In 2012, Americans spet approximately $2,000 a |  Of €nergy system

year on averageto power their homes. This amoungdto

about 3% of annual household incomeand was the lowest percentage in 10 years’ Increased
energy efficiency has already led to reduced costBue to more efficient lighting, heating and
cooling systems, home appliances, and other products that have resulted frahe U.S. Department

I £ %l B0 )da@mwonjapplianceand equipmentenergy conservationstandards,OT AAUS O
households are paying about $16 less per yearthan they would have had no standards been
implemented.8 Building energy codes and other energy efficiency efforts have provided additional
savings.However, home energy costs can be reduced much further by targeted efforts to spur

16 U.S. Energy Information AdministratioAnnual Energy Outlook 2@lwith projections to 2040DOE/EIA-
0383(205). Washington, DC: U.S. Department of Energy, April 20Accessedanuary 122016:
http://www.eia.gov/forecasts/aeo/pdf/0383(2015). pdf

7U.S. Energy Informati n A d mi n iLewerresitiential energyiuse reduces home energy expenditures as
share of household incomeboday in EnergyWashington, DC: U.S. Departmieof Energy, 2013. Accessed Aug
2014:http://www.eia.gov/todayinenergy/detail.cfm?id=10891#

8 U.S. Department of Energ$aving Energy and Money with Appiize and Equipment Standards in the United
States Washington, DC: U.S. Department of Energy, 2015, Updated in 2016.
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broader adoption of costeffective, yet underutilized, technologies that exist todayas well as
continued efforts to developand integrate cutting-edge technologies with hgher efficiencies.
ThenAOET 1 6 0 AT 1 i A OtA& Ardnualebeigly Billlol oGO 8MHliEN, also present
opportunities for significant improvements in energy efficiency New technologies and practices
and the cost-effective technologies availalle today offer large savings forboth new and retrofitted
commercial buildings. These savings directly affect the bottom line for the diverse set of
commercial buildings in theUnited States including schools, hospitals, grocery stores, hotels, and

office buildings.

DOB Building Technologies Office (BO) has played a
major roleinOE A 51 E Ochédgy afieiaroyA O 6
improvements. It was central todriving widespread
adoption of the first building energy codes in the 1970s,
establishing efficiency labels and standards for
appliances in the 1980s, develojmg and introducing to
market high-performance windows in the 1990s, and
more recently, ushering development and adoption of
transformative new technologies in solidstate lighting
and high-efficiency rooftop air conditioning (AC) units.
BTO will continue to partner with public and private-
sector organizations state and local governments and
utilities, to provide higher efficiencyproducts with
improved performance,improved designs forhomes
and buildings, new approaches for improving existing
buildings, and better ways to integratehe management
of our buildings and technologieswith the grid to
increase reliability and cut costs" 4/ 8 O x1 OE
to achieving the goals of its paent office, the Office of
Energy Efficiency and Renewable EnergfEERE, and to
national goals of doubling energy productivity and
reducing (GHQ emissions.
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EERE and National Goals

. ¢thQa
national goals related to energy
efficiency, reliability, and productivity;
and environmental health.

EERE:

National Goals:

G2N] A& ONR

9 Goal 3: Improve the energy
efficiency of our homes, buildings,
andindustries

fGoal 5: Enable the integration of
clean electricity into a reliable,
resilient, and efficient grid

By 2030, double energy productiv
relative to 2010

fReduce energselatedGHG
emissions 17% by 20226%28% by
2025, andB3% by2050 from 2005
levels




BTO IS BUILDING ON PAST ACHIEVEMENTS

The efficiency of new appliances and building comporteagsmproved dramaticaliy recent decadeghese

improvements were driven ligsearch and developmeriR&D and marketpriming efforts and solidified with

federal regulatory actions.

weC2RIFIeQa RA&AKgGIAKSNE O2yadzyS | wse Z0lessnair conditiéharsiuseS y S N
more than 50% less, and furnaces use 10% less compared to 1990s models. Currently, a typical U.S.
household saves about $216 per year on energy bills as a result of appliance standards. By 2030, as
consumers replace oldopliances with newer models, they can expect to save $450 annually.

w The energy performance of most new residential windows has more than doubled since the 1980s. Double
panes, lowEglass coatings, insulated frames, improved window construction and atstall and
standardized testing and labelmall supported by BTOhave transformed the windows market. Advanced
window systems with triple panes, dynamic glazing, and other technologies, are poised for market growth.

w Ré&D in energefficient waterheatingsolutionshasled to the new electric heat pump water heater (HPWH),
which does not require new or additional plumbing and electrical connections in homes. One hew HPWH
developed through a BTFiDdustry partnership uses less than half the energy of a caioal 50-gallon tank
water heater, and could save a typical U.S. household $320 each year.

w In 2011, DOE convened building operators and manufacturers to lay out-efficjancy performance
specification, initiating the HigRerformance Rooftop Un{RTU)Challenge to produce units that would cut
energy use by up to 50% compared to the existing ASHRAE 90.1 stavidaudacturers quikly responded
to the challenge as of January 2016, manufacturers are offering more than 20 RTU models that exceed this
specification.Tostimulate broader adoption of efficient units, DOE initiated the Advanced RTU Campaign,
through which businesses have upgraded 43,000 units, saving tleembined $37 million annually on their
energy bills, while cutting carbon pollutidy 356 million pounds.

w LED bulbs now use 85% less energy than incandesashtheir cost hadropped 90% since 2008. As a
result, installations of common home LED bulbs increased from 400,000 in 2009 to 78 million in 2014. Total
LED installations savednsumers $1.4 billion in energy costs and prevented 7.1 million metric tons of CO2
emissions in 2014 alonkEDs are projected to reach over 80% of all lighting sales by 20308g Americans
$26billion per year in electricity costsyhile cutting Amek OF Q& f A3IAKGAY 3 St SOGNK OA i

w5h9Qa&a .dAfRAY3 ! YSNAOF KIF& LINRRdAZOSR Y2NB GKFYy wmn
the adoption of energy saving technologies. Since 1995, this work has helped households across the nation
save up to $54 billion and avoid the emissions of 500 million tons of carbon dioxide.

w Appliance and equipment energy conservation standasdsed from 1987 to 2(®lare projected to save
consumers $B trillion in utility costs save 1Z quads of primary energgnd avoid 7 Wlion tons of carbon
emissions through 2030.

w Building energy codes are expected to save U.S. businesses and consbimeadstof primary energy
between1992-2040.

Sources: NnReal Prospeet ni oedES¢eagesEDFf Nateowoowpli mActaldemy o
Success Stories, o0 UDOk) Bepagi mgnfTechnBheggegs, 2011. iSavi
Appliance and EquipmentSteaad ds i n t he UR0B.reRe \Sd lad ted&he Butu®Orives for Five

Clean Energylechnologies 2015 Update 6 DOE, Mttp V/enerdy.qol/Sites/prod/files/2015/11/f27/Revolution
Now-11132015.pdffiBuilding America:Making Real Progreser U.S. Homes 6 D OE, Dec 2015,
http://energy.gov/sites/prod/files/2015/12/f27/BA_FactSheet FINAL%20120915%a¥ingEnergy and Money with

Building Energy Codes in the United StateBOE April 2015.



http://energy.gov/sites/prod/files/2015/11/f27/Revolution-Now-11132015.pdf
http://energy.gov/sites/prod/files/2015/11/f27/Revolution-Now-11132015.pdf
http://energy.gov/sites/prod/files/2015/12/f27/BA_FactSheet_FINAL%20120915.pdf

1.2  Our Approach

" 4 |/ \@siOn is a strong and prosperous America in which all homes and buildings operate at peak
energy performance, are affordable, and provide optimal healthnd comfort.

YT OEA AT 1T OA@0O nissionOFddéveldpFdériiohsirdie, ahdtaco@l€ate the adoption
of technologies, techniques, tools and services that are affordable and enable hjggrforming,
energy-efficient residential and commercialbuildings for both new and existing buildings.

BTO has designed a threpart strategy (Figure 7) to accomplish its mission and realize its vision
This strategytargets the technology, marketand regulatory needs that enable emerging energy
efficient technologies and solutions to achieve substantial, loAgsting energy savings:

1. Research and development to reduce technology cost, improve performance, and
accelerate commercialization.

2. Market stimulation to validate energy-efficient technologies and practices imew and
existing buildings by confirming performance in realworld conditions; provide reliable,
objective data, best practicesand benchmarks; and develop a skilled workforce all to
reduce uncertainty for investors and spur widescale adoption.

3. Codes andstandards to lock in savings for the long term by providing a consistent
regulatory framework for manufacturers, builders and consumers, andy driving
technologies and buildings to greater energy efficiencies.

"4/ 00
private and public stakeholders and partnersto accelerate thedevelopment andwidespread
adoption of energy saving technologies and practices, maximize benefits, and realize savimgsew
and existing buildings BTG O A £&1 0 O Oified viitA fedaral Aeuladry ctioA to improve
minimum product standardsand support for state and local actions to strengthen building codes
Like an ecosystem, each piece of the BTO framework supports the other pie@esl each are
equally important. Refrigerators and freezers are one of many technologies that have come a long
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significant public benefits that continue to increaseyear after year.

Energy Use Price Volume
(kWh/year) (in20098) (Cubic Feet)
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The U.S. housing sector consistently and significantly underinvests in tR&Dneeded to improve

home energy performance R&D fundingfor construction is about 0.3percent, orjust one tenth of

the U.S. industryaverage?® It can takethe housing industry 1Qz25 years to adopt new technologies
and techniqueswithout a catalyst like DOEEven when commercially competitive technologies
capable of substantially reducing energy and lifeycle costsare available,a number of persistent
market challengesprevent their widespread adoptionin both residential and commercial buildings
These challenges exist in a complex landscape across a humber of industries, including architecture,
AT T OOOOAOGETTh | AT OEZAAOOOET ¢ch AEET Alrdadnlis déSignedt&c OE A Oh
overcome these market challengefor both new building construction and building improvements
Some of the challenges that BTO addresses &i¢ the overall fragmentation of the businesses

serving the buildings sector; (2) lack of relable information on the energy use and efficiency of
specific enduses; (3) uncertainties surrounding performance and the perceived risks associated

with making significant investments in energy efficiency; (4) a lack of mechanisms for establishing
the market value of more energyefficient properties; and (5) split incentives between owners and
occupantsof rental properties in both the residential and commercial sectorsThe transfer of
information related to the economics, performanceand benefits of enegy-efficient technologies

and integrated solutions is often slow or unavailableand themany options and risksare

overwhelming for both consumers and building professionals.

With these market challenges in mindBTOhasdesigned programs that focuson key areas,

maximizing the benefits and giving appropriate consideration to both the technology and market

barriers to energy efficiency.Through rigorous technical analysis and an understanding of market

structure (current trends, barriers, institutions, consumer preferences) and with stakeholder input,

BTO has identified pecific activities and criticaltargets.” 4/ 8 O O1 OEi AOA T AEAAOEOA
both private and publicdecision makers to make irvestments in energy efficiency.

9 Wolfe, Raymond M. (2013). Business Research and Development and Innovatiori®De&iled Statistical
Tables. NSF 1:332. Arlington, VA: National Center for Science and Engineering Statistics. Accessed September
24, 2014 http://www.nsf.gov/statistics/nsf13332/pdf/nsf13332.pdf
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Our Partners . BTO works with many internal and external partnergo plan and execug its

programs. DOE national laboratories provide scientific, engineering, and analytical expertisas

well as world-class research facilities. Industry partners share the cost of R&D projects,
demonstrate and gather data to validate technologies in reaVorld applications, and bringnew
technologies to the marketState and local governments and utilitiesnake substantial investments

in energy efficiency, often developing innovative new approaches to building regional clean energy
economies.State and local governmentsire primarily responsible for building code adoption and
implementation, for public utility
regulation, and have played key roles in the| Working Togetheito Improve the Energy
weatherization of low-income homes and | Performance of Federal Buildings

the implementation of many other building

- BTO works witfrEMRo demonstrate advanced
efficiency programs. For these reasons technologies and share best practices, toatsl
BTO workscloselywith cities and states, resources to reduce building energy use in our
including state energy offices and public Nk GA2y 08 FTSRSNIf oOdzif RA
utility commissions, to advance clean
energy programs and policies. BT@lso
provides support to private-sector
partners through initiatives such asthe
DOE Better Buildngs Alliance, which
promotes energyefficiency in U.S.
commercial buildings through

I TheTechnologyPerformance Exchange a
jointly developed welbased portal in which
manufacturers, utilities, researchers, and
consumers share data on the performance of
energy efficiency products such as photovoltai
modules, lamp ballasts, and advanaeoftop

collaboration with almost 200 member air conditioning units

organizations, representing approximately | 1 TheBetter Buildings Alliance Advanced Rooftop
10 billion square feet including building Unit (RTU) Campaigencouragedederal
owners, operators, and agencies to replace or retrofit old RTUs with
managers.Members agree tgarticipate in more efficient units. Older RTUs can waste fro
at least one Alliance activity each year and $1,000 to $3,700 annually, depending on
share their successes, while DOE connsct building size and type. In one projeitte
members with technical resources and National Renewable Energy LaboratddRE)L
provides a platform for information worked with the Navy at Joint Base Pearl Harb
exchange. Hickham in Hawaii to retrofit nine RTUs that
"4 80 PAOOT AOOEEDPO serve the Naval Exchange store, as well as tw
professionals are especially importah that serve small office builigs. Togetherthe
BTO works with builders, trade retrofits are projected to achieve an annual
contractors, and building owners and savings of 100 megawattours (MWh), with the
operators? as well asrelated market system paying for itself in the fifth year. Future
actors such as finance experts, product replacement projects are expecting net energy
retailers, and real estate professionals to savings of 120 MWh, with a simple payback of
support the market infrastructure for years. These new systems also lowered the
energy efficiency. Manyot 4/ 8 O B A relative humidity levels inside the buildings ang
are also active participants in the improved occupant thermal comfort.
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regulatory processes that lead to new building codes and product standards.

Internally, BTO collaborates with its sister offices in EERE and with other DOE offices to address
cross-cutting energy needsWithin EERE, BTO works closely with the Federal Energy Management
Program (FEMP) to bring advanced, energy efficient technologies and practices to market and to
lead by example by installing such solutions in federal buildings. As part of ti=RE goal tenable
the integration of clean electricity into a reliable, resilienfand efficient grid, BTO workswith the
Solar Energy Technologies Officend the Vehicle Technologies OfficeTogether, EEREoffices
collaborate with utilities and other stakeholders to design and develop approaches and tools that
will seamlessly integrate technologies into thenation's electric grid and provide timely information
about building system interactions to enable better decisiormaking and optimize building
performance.

As interdependenciesamongenergy infrastructures continue to increase and communication
networks across the energy system become necessary, integrating technologies and buildings into
the power system at scale is a key step to reducing wasted energy. For epdanintermittent

and/or variable generation sources, such as photovoltaiPV) systems, as well as new load sources,
such as electric vehicles, are being installed on the grid in increasing numbers and at more
distributed locations. To account for and fu utilize those increased, diversified, and dispersed
loads, efficient transactions between buildings and the grid need to become a commercial reality.

BTO and EERE also work with other federal
offices like the$ / %@ffi@e of Electricity Delivery | The Future of 3D Printing iBuildings and
and Erergy Reliability to modernize energy Manufacturing

infrastructure and to overcome barriers to
integrating energy-using appliances and
equipment into grid management systems via
interoperable communication networks using
advanced sensors and transactive controls.
Better integrating building energy use with the
electric grid will benefit both consumers and the
power grid by improving reliability, cutting costs
and enabling greater reliance on variable sources
of renewable power generation.

Additionally, BTO worksalongside% %2 %6 O
Advanced Manufacturing Office (AMO) on various
cross-cutting initiatives related to advanced
manufacturing processes, technologies and
critical materials and their alternatives.BTO and
AMO worktogether as part of coordinated multt
agency effort to improve and apply new materials
for advanced manufacturing?® These efforts

Additive manufacturing methods, often called
Go5 LINAYyGAy3azZé | NBE LN
rapid prototyping of building components and
even building structures, as well as tooling for
the fabrication of parts with complex
geometies.DOE is working with the AMO, the
national labs, and other public and private
partners to explore hownanufacturing
approaclescan be used in technologies and
buildings to improve design or reduce costs. F
example, 3D printing can hesed toreduce
tooling inventory and build custom protective
forms for costly tools; build sand casts of
complex components that reduce engineering
risk andcreate custom facadelements with
unique shapes used framing and fenestration,
doors, and othebuildingpenetations.

20 http://manufacturing.gov/welcome.html
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enable the discovery, development and deployment of transformative advanced materialgreatly
reducing the time and cost tobring materials from the lab to the market! BTO also works with
AMO to increase energy efficiency in the manufacturing sector including the developmaeoit
combined heat and power technologies and other distributed energy generation systems and the
implementation of the global facility energy management standard, ISO 5000Qther project areas
include development of improved heat exchanges, more effective insulation, exploration of
additive manufacturing approachesand alternative refrigerants with zero orno global warming
potential (GWP).

In coordination with the Councilon Environmental Quality and theU.S Environmental Protection
Agency(EPA), DOE has recently increaskits support for the development of alternative
refrigerants as well as norvapor compression technologies that would enable the elimination of
refrigerants and the reduction of greenhouse gas emissions

BTO also works with the Advanced Research Projects Agerrciinergy (ARPAE) to leverage
significant applied materials and other reseacth on emerging, energy efficient building
technologies.

To help drive the market adoption of new technologieBTO works with theEPAto implement
ENERGY STARorograms and develop related test procedures and specificationBTO also
partners with the U.SDepartment of Housing and Urban DevelopmertHUD) to design and
develop financial solutions that lead to affordablequality, energy efficienthomes and sustainable
communities. In addition, BTO provides technical expertis&nd resourcesto the U.SGeneral
Services Administration, theU.S Department of Defenseand otheragenciesinvolved with the
installation of high-impact technologies to save energy and money in U.S. militavy federal
operations, servicesand buildings.

BTO engages with the inteational community when appropriate to collaborate on technology
development,facilitate information exchanges among experts worldwide and tprime global
markets for clean energy products and services from thdnited States

"4/ 80 DPAOOT Aleaatpatficoand phivai® €eQdk resources and expertise are aligned,
leveraged, and targeted to address the most important technical and market barriers, advance
energy efficiency in the building sector, and realize economic and societal benefits.

21 The scope of R&D related to building materials is currently being developed.
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DOENational Laboratories: Strategic Partners to BTO

National laboratories are particularly important partners to BTO. These unique national resources offer
expertise, capabilities, and statd-the-t NI FF OAf AGASA Ay | NBI ah @NAXNVDS & °
are concentrated in four of the national labs:

Lawrence Berkeley National Laborato(iBNL) collaborates with BTO through its Environmental Energy
Technologies Division, which conducts R&D aimed at accelerating deployment of efficieniogiels and

building system#o drive energy savings of up to% commercial and residential buildings. LBNL is enhancing

5 h 9BRwitding Performance Database and related data analysis, disclosure, and decision support tools, as well
as energy modeling tools, suchfa$ 9 Qa JAesdidgzpeirdddrce wholéuilding energy simulation engine
EnergyPlus | Yy R { KS -ttnsferwadelifg3doldor wall and window assemblidhe lab also supports

the development and advancement of novel window technologies, as well as autonomous agent applications fo
transactive controls applied to lighting and whdieilding efficiency and savingsaluation. LBNL also works

with BTO to improve indoor air quality and ventilation in homes through the Building America effort. LBNL
conducts engineering and economic analyses to inform new energy conservation standards, develops product
test proceduresand supports certification and enforcement. FLEXLAB is a new facility at LBNL that consists of &
set of test beds and simulation platforms for R&3ting and demonstration of lovenergy building

technologies, control systems, and integration.

National Renewable Energy LaboratofiNREL) develops marketievant science, technologies, and analytical

tools that leverage unique facilities and partnerships. A key emphasis is developing and mtegratlng technologle
to enable buildings to achieve zemneazeroSyY SNHE& a Gl Gdzad® bw9[ Qad aOASY(A:
industry to develop and test technologies and mateffiaisvindows, HVABystems plug loads, and sensors to

yield marketready products. NREL's campus has several buildings that arersagy and/or have received
Leadershipn Energy and Environmental Design (LEED) Platinum certifications. The Energy Systems Integratior
Facility enables NREL to study how to integrate systemsgmart appliances, electric vehicles, building

controls, integrated renewables) to increase building energy efficiency. NREL also designs, develops, and appli
whole-building energynodeling tools, such &y S NH dandiOpeaStudi® an opensource softwee

development kifor EnergyPlus

Oak Ridge National LaboratorffORNL) brings caesffective building technologies to market by applying multi
disciplinary science and technology expertise and statbe-art facilities to Cooperative Research and
DeveladY Sy G ! ANBSYSyida o/w!5! 30 gAGK AYRAZAGNE® hwb[ Q:
G2 Sy3ar3asS gAGK .¢hod LG ftaz fft2ga GKS fFo (G2 oSy
and helps keep the research commerciallyvate by translating science into technology and then into energy
savingY I NJ S LINPRdzOG&a® hwb[ Q& . dzAf RAYy3a ¢SOKy2E23ASa
designated National User Facility that has drawn users from more than 100 industryigersiiy partnerships.
BTRIC is a worl@tnowned center for building energy efficiency research by sustaining technical leadership for
more than 30 years in its core capabilities in H\e@er heating and appliances; building envelope; and
system/building integration, including sensors and advanced control systems, modeling, and use of whole
research buildings to validate emerging building energy efficiency technologies.

Pacific NorthwesiNational Laboratory(PNNL) contributes core capabilities to BTO in lighting and transaction
based and advanced controls, including technology development and market stimulation approaches. PNNL
contributions have accelerated market penetration for seléde lighting from two niche applications in 2008

nine product categories in 2013 covering most market applications, and have identified more than 10 new
control technologies that, if demonstrated to be eeffective, could reduce commercial buildergergy
consumptionby 2B0%® t bb[ I f a2 &dzLJJ2NIia . ¢hQa NBIdzZ I d2NB |
Energy CodeBrogramachieve more than 4 quads of savings (1882ugh2012), an estimated return on
investment of $400 in consumer energyyadia LISNJ bpm 2F . ¢h TdzyRa® t bb[ Qa
Appliance and Equipment Standafi®gramhas enabled energy conservation standards that will save an
estimated 16 quads of energy over the life of the regulated equipment.



1.3 Our Programs

BTO works to achieve its goals through five interdependent programs. These programs implement
a broad portfolio of activities that drive the research, development, and commercialization of cest
effective, energyefficient technologies and practices; prowe information and tools that encourage
private and public investment; and lockin energy savings achievements through support of
building energy codes and development of energy conservation standards for appliances and
ANOCEDPI AT 08 " 4/ indudeZEE OA P OT COAI O

9 Emerging Technologies (ET) supports research, development, and commercialization of
high-impact building technologies and toolswith substantial potential for reducing primary
energy consumption and greenhouse gas emissionscluding solid-state lighting, HVAC
systems windows and building envelope sensor and controlsand building energy
modeling.

1 Residential Buildings Integration (RBI) accelerates energy performance improvements in
existing and new homes by integrating technologies and practs to verify and optimize
performance in buildings; providing data, design, and decision support tools; and
partnering with public and private stakeholders to increase adoption of energgfficiency
services, technologies, and practices.

1 Commercial Buildin gs Integration (CBI) acceleratesenergy performance improvements
in existing and new commercial buildings by @monstrating AT O O Z A, AgeApére O A
technologiesto improve building energy performance and operationspartnering with
market leaders to inadease the adoption of those technologies; and providing design and
managementtools and performance data to reduce perceived risks and address market
barriers that have inhibited wide-scale adoption.

9 Building Energy Codes(BEC) acceleratesdevelopment and adoption of minimumenergy
efficiency requirements in commercial and residential buildingsby providing technical
analyses to support regulamupgrades of model building energy codesand by providing
technical assistanceand reports on the \alue of more advanced building energy codes
support statesand municipalities as theyadopt andimplement them.

1 Appliance and Equipment Standards develops andregularly updatesenergy conservation
standards for appliances and equipmengnsures the avdability of reliable and effective
test procedures,and enforeesstandardsand labelingthrough product testing and
compliance efforts
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The Federal Role

BTO follows EERE principles in designimmprtfolio to make a significant impact in transforming th
building energyandscape and maximizing the valiieelivers to the taxpayer. BTO prioritizes its
92 NJ dza Afiyeorglestdrd.a

Is this a highimpact problem?
BTO focuses on technologies, toalad practices thahave the highest possible impact bnilding
energy use and that contribute to national goals.

Will EERE funding make a large difference relative to existing funding from other sources,
including the private sector?

BTO ensuress investments have a meamgful additional impacbeyondfunding from the pivate
sector and other sources, amdoidsinvesting in areas where other sources of fundirespecially
from the private sectar are significant relative to the levels of funding tiEtOcould provide.

Are we focusing on the broad problem we are trying to solve and open to new ideas, approach
and performers?

. ¢ hwrk is guided bgomprehensivdongterm roadmaps that are created in collaboration with
its key stakbolders.BTQalso creates and sustais an internal culture that is receptive to new
solutions anchew partners.BTOregularly updatsits roadmaps and providganechanisms to quickly
bring promising new approaches into its portfolio.

How will funding resllt in enduring economic impador the United States?
As asteward of taxpayer funds, BTd@velopsstrategic approaches to ensure that the technologie
and solutionst supportsenablelongterm emnomic benefits to the country.

Why is this investment aecessary, proper, and unique role of government rather than somethir
best left to the private sector to address?

The U.S. private sector is the primary engine tiratesthe transition to a national clean energy
economy.BTOfocusesits investments oropics and activities where there is a unique federal role
to maximize its impact.

1.4 Our Goals

" 4 | dltihate goal is to reduce the average energy use per square foot of all U.S. buildings

by 50% from 2010 levels .22 Reducing thebuilding energy use per square foot, or energyse
intensity (EUI), directly supports achievement of the U.S. national goals of reducing enemgyated
(" AT EOCOETT O AT A Al OGAIEI ¢ AT AOCU pPOi AOCAOEOEOUS
also have other environmental benefits, help conserve valuable natural resources, and strengthen
the U.S. economy by improving the productivity of businesses and helping families save money.
While reductions in EUI are probably the best indicator of the benefitesulting BTO programs,
certain BTO technologies and activities are aimed at supporting the achievement of other
objectives, suchasimproving indoor air quality, developing substitutes for refrigerants with high
global warming potentials, and enabling tle integration of buildings in utility grid demand response
systems. To ensure that these multiple benefits of BTO programs are appropriately highlighted,

22 Energy use per square foot refers to primary energy.
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DOE intends to also use metrics other than EUI and to periodically track and report progress based
on those metrics.

"4/ 80 A AOO i1 OAAOAEIT ¢ AOEI AET ¢ OAAOI O2026) EO
Strategic Plar3 DAAE £ZEAAT 1 Uh "4/ OODPDI 000 %%2 %30 CI Al

resilient, and efficient electricity gridé " 4/ OO0PPI OO0 A 1 01 AAO 1T £/ OOAAAO
DOT COAOO OT x AD A4 RAQ RSOl LEMAD OO AOA AOAxT A&EOTI "4l
are described below.

Achieving" 4/ 6 O (OgoaDnllireyird acceleratedtechnology development, market stimulation

for adoption of technologies and solutionsandmore energy-efficient codes and standards the

AT AT AT 60 1 £ " TPolerise thaallBOQ £idillek &ign with this goal and to enable

BTO to track progress toward achieving it, BTO has developed an integrated goals framework

underpinned by rigorous analysis.

"4/ 860 CT AI O AEOAI AxT OE E:A)asigke Odkdline gdarbBh @@d1 O Al AT AT O
structure, and 3) a primary metric. 2010 is the baseline year fathesegoals.The tiered structure

includes program performance goalglargely focused on 2020, interim market outcome goals for

¢cnmcuh AT A OAAOI OAl 1T OOAT T A Ci AT O Al O ¢nmon8 "4/ 60
energy use per square foot of building space.

1.4.1 Goals Hierarchy

The sections below andFigure 8 describe thehierarchy of goals

l «Focuses on sector wide outcomes
SeCtO ra «Defines BTO's long term objectives

O utcome sIncludes broadest market coverage and longest
time horizon

sLinks to program strategies

Interim «Connects program performance and sector
outcome goals

Market «Focuses on market segments that capture much

0 utcome of the mid-term impacts of program-specific
strategies

«Directly ties to the activities implemented by
the programs
P rogram  Tracks program performance and includes key
targets towards achievement of interim market
Performance outcome goal
«Reflects the primary objectives for which each
program is directly responsible for achieving

Figure 8. Elements of BTO's goals hierarchy

23 http://energy.gov/eere/downloads/estmtegieplan
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1.4.2 Sectoral Outcome Goals

"4/ 860 EAU OAAOI OAT CI Al EO O OAdaAL. bOilEikgsyOAOACA
30% by 2030.To set a fixed target that can be used to track progress over a number of years, BTO
considered a variety of scenarios from th&).S. Energy Information Administratio® @&IA)j2014

Annual Energy Outlook and the potental impacts of BTO and other efforts directed at accelerating

the development and deployment of energefficient building technologies. Based on this

preliminary assessment, BTO determined that a 3@ sector-wide reduction in average EUI is an

Ai AEOET OO0 AOO AAEEAOAATI A OAOCAOB8-bourt Eebtordd dugnk O A&l Of
analysis. As illustrated inFigure 9, with a 2010 baseline of 147 kBtu/f¢ (the average energy use of

all residential and commercial buildings), the 2030 target is 103 kBtu/f.
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Figure 9. Building s ector EUI (2010 -2030) and the BTO 2030 goal

Source:Annual Energy Outlook 2014 with Projections to 2040,S. Energy Information Administration April
2014.

To achieve this reduction in the average energy use intensity of all buildingd] major segments of
the sector will have torealize substantial gains in energy efficiencyncluding both new and existing
residential and commercial buildings. However, the achievable gains in each of these four sub

24 Most of the statistics in this document that describe the buildings market are based on the U.S. Energy
I nformati on ArthumlEndrgy OutlcoR 0 D5 6 sBTOO6s goal sevemahsaenariessi s i s b a
from the Annual Energy OutlooR014i ncl udi ng t he fAReferenced case and the
Technol ogBesandvahéabl e De ma s The 20&58nhual &EhemyygQuiookatiled e c a s e
more recent, did not have any of the three side cases produced for thEen2Qbd Energy Outloak
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sectors will likely vary significantly. Figure 10 shows a breakdown of these sulsectors and the
2030 targets that will reduce sectorwide EUI by 3@%.

r New Residential New Commercial 1
Target EUL: 57 kBtu/ft? Target EUI: 145 kBtu/ft?
Baseline: 103 kBtu/ft2 Baseline: 192 kBtu/ft2
Share of total floor space: 21% Share of total floor space: 11%
Share of residential floor space: 30% Share of commercial floor space: 38%

Total Market
Target EUI: 103 kBtu/ft2

Baseline: 147 kBtu/ft2

Existing Residential Existing Commercial
Target EUI: 73 kBtu/ft? Target EUL: 181 kBtu/ft?

Baseline: 114 kBtu/ft? Baseline: 223 kBtu/ft?
Share of total floor space: 50% Share of total floor space: 18%
are of residential floor space: 70% Share of commercial floor space: 62%

Figure 10. Sub-Sector targets for 2010 -2030

Reductions in building sector EUI are the best indicators of the success of most BTO programs
However, trends in primary EUI, as reported by EIA, do not capture all of the benefits of BTO
programs, nor are they the only useful indicator of progress toward important national okgtives,

such as reducing greenhouse gas emissions. Because EIA uses fossil fuel equivalents in accounting
for grid-connected renewable energy used in buildings, primary EUI trends will not accurately

reflect the contribution of renewables (and other techmwlogies) to the gradual decarbonization of
electric sector. For these reasons, BTO plans to track and report other key metrics as well, such as
the carbonintensity of building sector energy use and trends in the use of high GWP refrigerants.

1.4.3 Interim Ma rket Outcome Goals

4EA ET OAOEI 1 AOEAO Ci Al Oh 1100 1T &£ xEEAE AOA OAO E
framework andmark OEA DPAOExAU O "4/ 80 ¢monm OAAOIT OA1I 1 OOAI
PDPOAGAT O A EIT 1 EOOEA BbterA Gofedives. ThEinterdn/market doadsAddvk bsla | E A
AOEACA AAOx A Aérm Sedtdrabgdalsiamdiitsnlnterous program performance goals.

7TEEIT A "4/ 001 COAI 08 A&£EEI 000 AOA A@bAAOGAA O1T 1 AEA
market goals many other market actors will also play important roles in achieving themAdditional

information on how each interim market goal was developed can be found in the various program

sections in thisMulti-Year Program Plan.
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Emerging Technologies

" 4 | & ©rogradn focuses on accelerating the development of more enekgfficient technologies
for the buildings sector. By 2020, accelerated technology development will make available cost
effective technologies capable of reducing the energy use of typical buiids by 30% compared to
high-efficiency technologies available in 2010. In the longer term, by 2030, continued technology
development will make available costeffective technologies capable of cutting building energy use
by 45%.

Because the ET Program is focused on accelerating teology development, the baseline for the

goal is derived from the costeffective high-efficiency technologies available in 20135 BTO wiill

determine progress toward achievement of the market outcome goals through annual assessments

of improvements in the performance of coseffective building technologies. Continual

improvements in the performance and coseffectiveness of buildingtechnologies will be key to the
AAEEAOGAT AT O T &£ "4/60 OAAOT OAl CT AT O Al O ¢momn AT A

. ¢ hET dnterim MarkeiGoal
How was the goal developed?
BTOQestablishedhis goal by

1 Examinmng ENERGY STA®R010 product specifications, which reflect eeffective, energiefficient
technologies on the market in 2010

1 Examinng ETProgram 2020 technology performance targets, which reflectefisttive, energy
efficient technologies BTO expects to be on the market in 2020

1 Calculaing the energy savings and weighg them based on the energy profiles of building types in
the Uhited Statesto create an aggregate energy savings projection

How will BTO assess progress?

BTO will track the commercialization of technologies and assess their perforrgar@elans to use the
building energy modeling prograriergyPlug and OpenStudi®to estimate the combined performancg
of these technologies in a variety of building and climate situatibimsse results will be weighted based
on the most recent EIA data on U.S. building types.

Residential Buildings Integration

The RBI Rogram contributes to the achievement of an interim market goal focused aeducing the
energy used for space conditioimg and water heating in singlefamily homes. The RBI market
outcome goal focuses on those segments of the residential sector that offer the largest
opportunities for energy savings and are largely unaddressed by other BTO efforts. Sindenily

®A12010 technologieso are defined as -tyeebhssaosifectivelys avai | ¢
save energy in a typical residential or commercial building.
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homes represat more than 80% of the residential building floor area and energy usé Heating,
cooling and water heating account fomore than half of all energy use in the sector, and the
potential energy savings associated with these end uses is more than%@f the total energy
savings potential available in the sector in 2030.

The 2025 market outcome goal is timprove the efficiency ofspace conditioning and water heatig
in typical single-family homes and reduce these energy uses by 40% froP010 levels.This market
outcome goal is comprised of two 2025 goals for the existing and new homes market:

1 A35% energy use intensityreduction in the heating, cooling, and water heating end uses in
existing single-family homes.

1 Costeffective design and construction ohew single-family homesthat will consume 50%
less energyper square foot for heating, cooling, and water heatingelative to typical homes
in 2010.

Commercial Buildings Integration

The CBIProgram contributes to a 2025market outcome goalfocused on improving the
performance of buildings in partnership with market leaderswhich represent the top 20% of all
commercial buildings (as measured on a square foot basis). Market leadeepresent the segment
of the market with the most energyefficient buildings and play a vital role in the diffusion of
technologies and innovative energy efficiency strategies. By successfully building tharly adopter
market for energy-efficient commercial buildings, CBI efforts are expected to accelerate adoptiof
these technologies and practices by the rest of the commercial sector.

To meet the2025 market outcome goa) actions bymarket leaderswill cut energy useper square
foot of their buildings by at least 3% relative to typical commercial buildings in2010. This market
outcome goal is comprised of two goals for the existing and new commercial buildings markets in
the market leader segment:
T ' AEEAOA A omnb OAAOAOQEIexistifgibuiltgy. ET [T AOEAO 1 AAAA
1 Costeffectively design and construchew buildings that consume 50%less energyper
square foot relative to the averageommercial buildings in 2010.

Building Energy Codes

The BECProgram accelerates the widespread adoption of improved design and construction
practices, primarily for new buildings. To reach the 2025 market outcome goal, improvements in
the typical design and construction of new buildings wilheedto reduce newly constructed building
energy use by 406 compared to typical new buildings in 2010This market goal consists of two
sector-specific targets:

®U. S. Energy Information Admi Res&enal ErerigyoQonsumptb®IugeyRECS Su
Washington, DC: U.S. Department of Energy, 2012. Accessed July 18, 2014:
http://www.eia.gov/consumption/residential/data/20@$ex.cfm?view=characteristics
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1 Cost-effective design and construction ohew residential buildings that will consume 45%
less energy per sgare foot relative to typical residential buildings in 2010.

1 Costeffective design and construction ohew commercial buildings that will consume 30%
less energy persquare ot relative to typical commercial buildings in 2010.

Appliance and Equipment Standards

By establishing and regularly updatingenergy conservationstandards formore than 60 types of
residential and commercialenergy-using appliances and equipmentthe Appliance and Equipment
Standards Programaffectsthe energy use intensity of virtually all existing and new residentiadnd
commercial buildings.Therelated 2025 market outcome goaltranslates toincreases in the
efficiency of new productsthat will cut the energy use per square foot of the buildings sector by at
least 20% from 2010 levels. Thismarket goal isalignedwith the pO A O E ACAmat@ ddflon Plan
goalto avoid at least 3 billion metric tons of carbon emissions by 2030.

1.4.4 Program Performance Goals

The program performance goals are described in detail in each of tpeogram sections along with
their linkages to each of thggOT COAIT 06 O CoQhk OripnEmAret gbdlsMosDprogram
performance goals are based on quantitative targets for achievement in 2020, relative to a 2010
baseline. Many are supported by more specific annual or muljiear targets.While some program
performance goals use miics directly tied to EUI, most use metrics that rely, at least in part, on

other quantitative measures of program achievement.

1.4.5 Tracking Progress Toward Goals

BTO is committed to annual assessments of progress toward the achievement of all sedtdgrim
market, and program performance goalsThe results of these assessments will be posted on the
BTO website Progress toward the achievement of the sector and some interim market goals will be
tracked by referring to updated data and estimates regully released by theEIA. Progress toward
the achievement of technology and code improvemenatgets will be tracked by modeihg expected
changes in the performance of typical residential and commercial buildings based on the actual
availability of new building technologies and the implementation of more energy efficient building
energy codes. Progress toward the achievement of other interim market goals and most program
performance goals will be based on data gathered by BTO on prograpecific activities a
technology advancesln many cases, the current status of prograrspecific progress is identified in
the relevant sections below.

BTO is now developing the specific analytical tools and data gathering and analysis methodologies
necessary to complete annal assessments of progress toward the achievement of all goads

these tools and methods become available, appropriate documentation will be peer reviewed and
ultimately made public.

1.5 The Multi-Year Program Plan

The sectionsthat follow describe eachof B / 8 O B OI COAI Oh DOIT OEAET ¢ A
the next5 years.Each program section provides an overview of the relevant market characteristics,
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opportunities for energy savings. This is followed by a description afachof OEA B OT COAI 6 O C1T A
the strategies used to achieve those goals, and a summary of specific program activities and key

targets.
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2.0 Emerging Technologies Introduction

The Emerging Technologies (ET) Program works with industry, national laboratories, and
academia to advance the research, development, and commercialization of eneggficient, cost
effective building technologies and systems.

The ETProgram of the BTO supports research and development of technologies and systems tf
capable of substantially reducing building primary energy use and accelerates their introductior
the marketplace.

The ET Program focuses on improvingnergy efficiency in four major technology areas:

9 Lighting

1 Heating, ventilation, and air conditioning(HVAC);water heating; appliances
1 Building envelope and windows

I Sensors and controls

The ET Pogram also works to advancestate-of-the-art in open-source Building Energy Modeling
(BEM), including improvements and greater use of the EnergyPlus/OpenStudio package.

These four technology areas are critical to improving building energy efficiency. They represent
approximately 60% of the energy used in buildings (se&igure 11) and represent an even greater

share of the potential efficiency gains over the next several decades. Rapid introductiand
deployment of costA AAAAOEOA OAAETTI1 T CEAO Ei OEAOA AOAAO
half, producing net consumer and economic benefits of tens of billions of dollaBTO recognizes

the rapidly growing fraction of building energy deman associated with other energy enelses,

such as consumer electronics, small appliances, and other eanse technologies that are not the

focus of the current program. BTO plans to explore R&D opportunities that could lead to significant
improvements in the efficiency and management of such other energy uses.

m Lighting

m Space Heating, Ventilation, Space Cooling
Water Heating

m Appliances

m All Other End Uses

Figure 11. Building sector total energy consumption by end use (2014 )

SourceU.S. Energy Information AdministratioAnnual Energy OutlooR015. DOE/EIA-0383(205).
Washington, DC: U.S. Energy Information Administration, 20Accessedanuary 112016:
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
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The primary focus of the ET Program iapplied R&D of relatively near-term building energy
efficiency technologies {.e.,those that are expected to be commercialized withiabout 5 years).
However, the ET Program supports a diverse portfolio, which includesomelonger-term energy
solutions that are at an earlier stage of development

The highly fragmented industries and businesses that serve the building sector have historically
underfunded energy efficiencyR&D27 Even when more energyefficient, costeffective technologies
were available, barriers to investment in such technologiesavelimited their commercial success
and further discouraged development efforts. With considerable government support for both
technology development and deployment, significant improvements have been made in a range of
building energy technologies over the past 30 years, including the development of energificient
water heaters, washing machines, refrigerators, and dishwashers. (S8ection 1.1for more
examples.) Further advances will likely require the development c¢mergentand potentially
transformative technologies, such as solidtate lighting. Continued government support is
necessary to help shoulder some of these risks whilgreatly accelerating the time it takes for new
technologies to move from the laboratory to the market. Once in the market, a range of government
and utility programs are available to spurfurther investment in such technologies.

The ET SubProgram sectims in this Multi-Year Program Plar(MYPP)describe each technology
area, provide information about the state of the market and current energy use, and discuss specific
market barriers that inhibit private -sector efforts.

Emerging Technologies Goals
The ET Program& @bal is:

1 To enable the development of cost -effective technologies that will be capable of
OAAOQAET ¢ A néd) Ede BeEdquu@ @ot By 30 % by 2020, and of cutting a
AOEIT AET C8 @& byn03d, relative tb @010 high -efficiency technolog ies.

Stated another waythe ET Programd @bal is to support substantial improvements to the

technologies that are available to reduce energy use in buildingand, in general, are much better

OEAT OET OA ET OEA ET OOA brd2030 gaab arduiéised relktifeQdcdst OA R %4 &
effective, energy-efficient technologies available in 2010simplyreferred to asthe 2010 Energy

Efficient Technologies Baselindn the analysis the 2010 Energy Efficient Technologies Baseline is

also referred toas theENERGY STAPRaseline, as 201lENERGY STAs$pecifications were used as

proxies for costeffective, energy-efficient technologies available in 20100ne way to visualize the

2020 goal is throughbar charts,as depicted inFigure 12 and Figure 13.

27VaidyanathanS. et al Overcoming Market Barriers and Using Market Forces to Advance Energy Efficiency
Research Report E13@&/ashington, DC: American Council for an Energy Effici&ebnomy 2013 Accessed
August 22, 204 http://www.aceee.org/researobport/e136
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Figure 12. 2020 Commercial buildings energy Figure 13. 2020 Residential buildings energy
savings goal savings goal

Source: 201%8J.S. Department of Energyuadrennial Technology Revieghapter 5

For most technologies, BTO uses the correspding ENERGY STAR specification as the baseline
from which to measure progressFor technologies that do not have an ENERGY STAR specification,
BTO relies on either the most recent version of the applicable model energy code or the appropriate
federal efficiency standard.Examining energy savings relative to the 2010 Energy Efficient
Technologies Baseline shows how much tHeT Programraises the efficiency ceiling for leading

edge technologiesbut it provides only limited insights regarding the effectthese technologies

might have on the actual building stock over time

To get a better understanding of theenergy savings potentialof such technologiegelative to the

building stock, ET uses the BTO Prioritization TodP-Tool).28 The most recent analysisonducted

with the P-Toolused the5 8 38 %l AOCU ) 1 /&l Oi A OE Anhual'EAelgE QuBookO OA OET T ¢
(AEQ 2014 projection?2? as its baseline. Based on the presumed achievement of the 2020

performance targets (described in detail in theSub-Program sedions) and stock and flow modeling

this analysis estimated the potential energy savings under a number t#fchnology deployment

scenarios.The analysis concluded that if these technologies were rapidly deployeathich would

require at least 20 yearsthey would decrease annual energy consumptioof the U.S. building

2 FareseP.;GelmanR.; Hendron R. A Tool to Prioritize Energy Efficiency InvestmeMNREL/TP-6A20-54799
Golden, CO: National Renewable Energy Laboratory. Accessed August 22, 2014
http://www.nrel.gov/docs/fy120sti/54799.pdf

29U.S. Energy Information AdministratioAnnual Energy Outlook 2014 wiffrojections to 2040DOE/EIA-
0383(2014). Washington, DC: U.S. Department of Energy, April 2014. Accessed June 12, 2014:
http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf

Page |31


http://www.nrel.gov/docs/fy12osti/54799.pdf
http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf






http://energy.gov/eere/buildings/program-plans-implementation-and-results
http://energy.gov/sites/prod/files/2014/02/f8/Motor%20Energy%20Savings%20Potential%20Report%202013-12-4.pdf
http://energy.gov/sites/prod/files/2014/02/f8/Motor%20Energy%20Savings%20Potential%20Report%202013-12-4.pdf
http://energy.gov/sites/prod/files/2013/11/f5/energy_savings_from_windows_attachments.pdf









http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=consumption#summary



http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf



http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/energysavingsforecast14.pdf






http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf
http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf
http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf



http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/energysavingsforecast14.pdf
http://energy.gov/sites/prod/files/2015/06/f22/ssl_rd-plan_may2015_0.pdf












http://energy.gov/sites/prod/files/2015/01/f19/patents_factsheet_jan2015.pdf
http://energy.gov/sites/prod/files/2015/01/f19/patents_factsheet_jan2015.pdf



http://energy.gov/eere/ssl/gateway-demonstrations
http://energy.gov/eere/ssl/gateway-demonstrations
http://www.lightingfacts.com/products
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_lessons-learned_2014.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/ssl_lessons-learned_2014.pdf



http://energy.gov/eere/ssl/technical-reports-briefs
http://energy.gov/eere/ssl/caliper-testing
http://energy.gov/eere/ssl/led-lighting-facts



http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.



http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf



http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_heaters/Water_Heater_Market_Profile_2010.pdf
http://www.energystar.gov/ia/partners/prod_development/new_specs/downloads/water_heaters/Water_Heater_Market_Profile_2010.pdf



http://www.ahrinet.org/site/493/Resources/Statistics/Historical-Data
https://www.energystar.gov/ia/partners/downloads/2009_USD_Summary.pdf?9ca2-9053
https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2010_USD_Summary_Report.pdf?ac6a-f243
https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2011_USD_Summary_Report.pdf?17e4-fe0d
https://www.energystar.gov/ia/partners/downloads/unit_shipment_data/2011_USD_Summary_Report.pdf?17e4-fe0d



http://www.ahrinet.org/App_Content/ahri/files/Statistics/Monthly%20Shipments/2013/December2013.pdf
http://www.ahrinet.org/App_Content/ahri/files/Statistics/Monthly%20Shipments/2013/December2013.pdf



https://www.ase.org/sites/ase.org/files/ee_commission_building_report_2-1-13.pdf
https://www.ase.org/sites/ase.org/files/ee_commission_building_report_2-1-13.pdf



http://web.ornl.gov/~wlj/hpdm/MarkVI.shtml
http://lccp.umd.edu/ornllccp/



http://energy.gov/eere/buildings/downloads/workshop-1-advanced-hvacr-research-effort



http://www.state.gov/e/oes/eqt/chemicalpollution/83007.htm
http://www.aceee.org/files/proceedings/2010/data/papers/2224.pdf



http://www.energystar.gov/index.cfm?c=water_heat.pr_crit_water_heaters
https://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/27
http://energy.gov/eere/buildings/listings/technology-roadmaps



http://energy.gov/eere/articles/using-magnets-keep-cool-breakthrough-technology-boosts-energy-efficiency-refrigerators
http://energy.gov/eere/articles/using-magnets-keep-cool-breakthrough-technology-boosts-energy-efficiency-refrigerators















http://energy.gov/eere/buildings/downloads/non-vapor-compression-hvac-technologies-report









https://www.eia.gov/analysis/studies/buildings/equipcosts/



https://www.eia.gov/analysis/studies/buildings/equipcosts/












http://energy.gov/sites/prod/files/2014/02/f8/BTO_windows_and_envelope_report_3.pdf



https://www.energystar.gov/index.cfm?c=windows_doors.pr_benefits
http://web.ornl.gov/sci/roofs+walls/research/EIFS/Year1_Hygrothermal_Exterior_Insulation_ANK.pdf
http://web.ornl.gov/sci/roofs+walls/research/EIFS/Year1_Hygrothermal_Exterior_Insulation_ANK.pdf



http://campaign.r20.constantcontact.com/render?ca=bb248c72-d389-4b7b-a510-4b0f9e48dfc6&c=8427ff20-bb48-11e3-bfb6-d4ae52806905&ch=844f8450-bb48-11e3-bfb6-d4ae52806905
http://campaign.r20.constantcontact.com/render?ca=bb248c72-d389-4b7b-a510-4b0f9e48dfc6&c=8427ff20-bb48-11e3-bfb6-d4ae52806905&ch=844f8450-bb48-11e3-bfb6-d4ae52806905
http://campaign.r20.constantcontact.com/render?ca=bb248c72-d389-4b7b-a510-4b0f9e48dfc6&c=8427ff20-bb48-11e3-bfb6-d4ae52806905&ch=844f8450-bb48-11e3-bfb6-d4ae52806905
http://www.freedoniagroup.com/Insulation.html
http://energy.gov/energysaver/articles/insulation
http://energy.gov/articles/top-4-energy-department-inventions-saving-you-energy-money-home
http://energy.gov/articles/top-4-energy-department-inventions-saving-you-energy-money-home
http://eetd.lbl.gov/l2m2/windows.html
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Low-e-Windows.pdf
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Low-e-Windows.pdf



http://www.energystar.gov/products/certified-products/detail/roof-products
http://info.aee.net/hs-fs/hub/211732/file-2583825259-pdf/PDF/aen-2015-market-report.pdf?t=1429543507687
http://info.aee.net/hs-fs/hub/211732/file-2583825259-pdf/PDF/aen-2015-market-report.pdf?t=1429543507687









https://buildings.lbl.gov/sites/all/files/lbnl-6023e.pdf



http://energy.gov/sites/prod/files/2014/02/f8/BTO_windows_and_envelope_report_3.pdf
























http://www.smartgrid.gov/document/demand_dispatch_intelligent_demand_more_efficient_grid






https://www.serdp-estcp.org/Program-Areas/Energy-and-Water/Energy/Conservation-and-Efficiency/EW-201012
https://www.serdp-estcp.org/Program-Areas/Energy-and-Water/Energy/Conservation-and-Efficiency/EW-201012






http://www.smartgrid.gov/document/demand_dispatch_intelligent_demand_more_efficient_grid
http://www.mckinsey.com/client_service/electric_power_and_natural_gas/latest_thinking/mckinsey_on_smart_grid
http://www.mckinsey.com/client_service/electric_power_and_natural_gas/latest_thinking/mckinsey_on_smart_grid



http://www.nist.gov/public_affairs/releases/upload/smartgrid_interoperability_final.pdf



http://www.caiso.com/Documents/Presentation-FlexibleResourceAdequacyCriteriaMustOfferObligationStrawProposalDec20_2012.pdf
http://www.caiso.com/Documents/Presentation-FlexibleResourceAdequacyCriteriaMustOfferObligationStrawProposalDec20_2012.pdf



http://energy.gov/sites/prod/files/2014/03/f14/B2G_Tech_Opps--Intro_and_Vision.pdf
http://energy.gov/sites/prod/files/2014/03/f14/B2G_Tech_Opps--Intro_and_Vision.pdf



http://energy.gov/epsa/quadrennial-energy-review-qer









http://energy.gov/eere/buildings/downloads/building-energy-management-open-source-software-development-bemoss
http://energy.gov/eere/buildings/downloads/building-energy-management-open-source-software-development-bemoss
http://gridoptics.pnnl.gov/VOLTTRON/
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.401.4541&rep=rep1&type=pdf
http://energy.gov/eere/buildings/downloads/low-cost-wireless-sensors-building-applications



http://www.aia.org/aiaucmp/groups/aia/documents/pdf/aiab100374.pdf



http://www.nrel.gov/docs/fy12osti/54799.pdf
http://www.simuwatt.com/












http://network.aia.org/2030commitment/home
























http://www.eda-pt.org/






http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=consumption#summary
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
http://www.eia.gov/todayinenergy/detail.cfm?id=10891



https://www.energystar.gov/
http://energy.gov/savings/fha-powersaver-loan-program



http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=characteristics
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
http://www.eia.gov/consumption/residential/data/1993/
http://www.eia.gov/consumption/residential/data/2009/index.cfm?view=characteristics



http://www.eia.gov/todayinenergy/detail.cfm?id=9951&src=%E2%80%B9%20Consumption%20%20%20%20%20%20Residential%20Energy%20Consumption%20Survey%20(RECS)-b3
http://www.eia.gov/todayinenergy/detail.cfm?id=9951&src=%E2%80%B9%20Consumption%20%20%20%20%20%20Residential%20Energy%20Consumption%20Survey%20(RECS)-b3






http://energy.gov/eere/buildings/building-america-top-innovations



https://www.energystar.gov/index.cfm?c=home_improvement.hpwes_for_homeowners
http://energy.gov/sites/prod/files/2015/08/f26/bbnp_volume_2_savings_and_economic_impacts_072215.pdf



http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
http://www.eia.gov/forecasts/aeo/pdf/0383(2012).pdf
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
http://energy.gov/eere/buildings/about-residential





















https://eere-exchange.energy.gov/#FoaId589d78c8-23aa-46da-920a-f6874bd4def3
http://energy.gov/eere/buildings/building-america-bringing-building-innovations-market



http://library.cee1.org/sites/default/files/library/12193/CEE_2014_Annual_Industry_Report.pdf



https://basc.pnnl.gov/
http://energy.gov/rpsc



http://www1.eere.energy.gov/seeaction/
http://www1.eere.energy.gov/seeaction/
https://bbnp.pnnl.gov/sites/default/files/publication/c-971_BBR%20Benchmarking%20Guide%204-27-15%20(FINAL)_508_0.pdf
https://bbnp.pnnl.gov/sites/default/files/publication/c-971_BBR%20Benchmarking%20Guide%204-27-15%20(FINAL)_508_0.pdf



http://www.ext.colostate.edu/pubs/consumer/10629.html









http://www1.eere.energy.gov/buildings/betterbuildings/accelerators/index.html






http://energy.gov/eere/wipo/guidelines-home-energy-professionals
https://sws.nrel.gov/



http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf.
http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm?src=Consumption-b1






http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm
http://www4.eere.energy.gov/alliance/sites/default/files/uploaded-files/better-buildings-alliance-annual-report-2013.pdf
http://www4.eere.energy.gov/alliance/sites/default/files/uploaded-files/better-buildings-alliance-annual-report-2013.pdf
http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf



http://www.eia.gov/consumption/commercial/reports/2012/preliminary/index.cfm
http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
https://www.energystar.gov/



http://www.gpo.gov/fdsys/pkg/PLAW-109publ58/html/PLAW-109publ58.htm
http://www.gpo.gov/fdsys/pkg/PLAW-109publ58/html/PLAW-109publ58.htm



http://www.gpo.gov/fdsys/pkg/BILLS-110hr6enr/pdf/BILLS-110hr6enr.pdf
http://www.gpo.gov/fdsys/pkg/BILLS-110hr6enr/pdf/BILLS-110hr6enr.pdf
http://energy.gov/eere/buildings/advanced-energy-design-guides
http://energy.gov/eere/buildings/advanced-energy-retrofit-guides



http://betterbuildingssolutioncenter.energy.gov/sites/default/files/news/attachments/DOE_BB_2015_Progress_Report_Solution_Center.pdf
http://betterbuildingssolutioncenter.energy.gov/sites/default/files/news/attachments/DOE_BB_2015_Progress_Report_Solution_Center.pdf



http://www.eia.gov/forecasts/aeo/pdf/0383(2015).pdf
http://aiacc.org/wp-content/uploads/2011/06/greenoutlook2011.pdf












http://www.energy.gov/eere/buildings/downloads/high-impact-technology-catalyst-technology-deployment-strategies
http://www.energy.gov/eere/buildings/downloads/high-impact-technology-catalyst-technology-deployment-strategies









https://www4.eere.energy.gov/alliance/sites/default/files/uploaded-files/better-buildings-alliance-progress-update-winter-2015.pdf
https://www4.eere.energy.gov/alliance/sites/default/files/uploaded-files/better-buildings-alliance-progress-update-winter-2015.pdf
http://betterbuildingssolutioncenter.energy.gov/sites/default/files/news/attachments/DOE_BB_2015_Progress_Report_Solution_Center.pdf
http://betterbuildingssolutioncenter.energy.gov/sites/default/files/news/attachments/DOE_BB_2015_Progress_Report_Solution_Center.pdf






http://betterbuildingssolutioncenter.energy.gov/sites/default/files/news/attachments/DOE_BB_2015_Progress_Report_Solution_Center.pdf
http://betterbuildingssolutioncenter.energy.gov/sites/default/files/news/attachments/DOE_BB_2015_Progress_Report_Solution_Center.pdf
https://www4.eere.energy.gov/alliance/sites/default/files/uploaded-files/better-buildings-alliance-progress-update-winter-2015.pdf



http://energy.gov/eere/buildings/open-source-strategy






http://www1.eere.energy.gov/seeaction/
http://www1.eere.energy.gov/seeaction/






http://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf






https://www.energycodes.gov/status-state-energy-code-adoption









https://www.energycodes.gov/about/statutory-requirements



http://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf
http://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf
http://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf
http://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf



http://www.energycodes.gov/sites/default/files/documents/BenefitsReport_Final_March20142.pdf









http://www.homeinnovation.com/ngbs
https://www.energycodes.gov/rescheck
https://www.energycodes.gov/comcheck
http://energy.gov/sites/prod/files/2014/05/f15/cod07_Liu_042214.pdf


















https://www.whitehouse.gov/sites/default/files/image/president27sclimateactionplan.pdf



http://energy.gov/sites/prod/files/2015/09/f26/2015%20Aug%20Report%20to%20Congress.pdf



https://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/50
https://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/50






http://energy.gov/eere/buildings/reports-and-publications
http://www.reginfo.gov/public/do/eAgendaMain

